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(54) ARRAY SPEAKER SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To radiate efficiently a 
sound while preventing sound radiation characteristics 
from being beam-shaped and comb-shaped. 
SOLUTION: To each of speaker units 1-1 to 1-15 
constituting an array speaker system, signals are 
inputted to each of which weight is added that is effected 
by absolute values of weighting factors C1 to C15 that 
are based on a Bessel function, in weighting means 2-1 
to 2-15 that are provided corresponding to the speaker 
units, respectively. Among the weighting means 2-1 to 2- 
15, to the weighting means whose weighting factor Ci 
takes on a negative value, the signals are supplied that 
have passed through an all pass filter 3 by which a 
phase in a high frequency region turns at an angle of 
180°. Consequently, the radiation characteristics of the signals in a high frequency region can 
be prevented from being beam-shaped and comb-shaped as well as being able to prevent the 
radiation efficiency of the signals in a low frequency region from being lowered due to outputs 
of reverse phase signals. 
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7 u— * tr— i>—*s*7- K 

J: 5 i- Ut£ k Z®mk-tZTv-x M->7tA 0 
[St#B3] 

S^O^ (■ #E?IJ $ ftfc 7 U— X tr- * — r A T'fe o X. 

)WB»ik»Wfc*iv ^"Ctttt* l 8 0 ^0$5l-5 «k 5 /w<* 7 ^ U 

tt&p LTSIH-3 <t 5 t fc i k 1 1rZ> 7 u- * t -*>*r K 
•18$:©;* tr— * -3- = •> V * 5 E?!J $ ttfc 7W-^f-*->^fAt*fcot, 

Sr^-TSr k ZW&k-tZ>7 u-* V-Jj-isxfK 

MfE*- ;w<*7 4/i/*-tt\ ffiflE-Sft©;* h©E?!l©«KHiS+««ft^#ifi:f «S»8koi£fiF<o 

JSj&fcKibM^-C, *©fiHS|sHlBl;# 9 0£i 45 J: 5 fcR;fc$;h,TV5 t>©T?fc5 r. t &&®Lk1- 5Ht#£ 3 Xfi4 

$$c©* t°- # = -7 h #E?ij $ htz 7 u- x t°- * - r A T'fco -c, 

#K*tu ^v±*rmkm^<m*&mz£zm*zmnirz>m*ttv^&k, 

tt1-*z.k*%fWLk1rZ7\s-*v-l]-\ ^fi. 
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[$g!S©fW<£lft95] 
[000 1] 

[3Sej©JS-f5&ffi#I?J 
[0 0 0 2J 

[&*©&«] 

>7.x^(cio^Tli. tg§ce©*t 0 -;(7-&{£5r itcJ;3#Wi LT, ^©Ji&fc^iiK fc^Kotu $tt# 
tt^t'-A-fk^Hi^b (B©*#l-i£fH-3#l§) %M*ffl$imz}:oX£Wi1r5- iiriot, felt*^ 

013tt, 1 5fl§©*fc"-#-^-:y K£2. 5 c mP^fiSTtti^Klij&Kft-N y h *>bl*H4f9T* 

^^HLtztto^^cD^i^u-^ay^^irmxh^. ^©EHr&^T, (a) ~ (e) li, -tiv? 
*U 500Hz, 1000Hz. 5000Hz, 10kHz, 1 5 k H z fwjolt S*¥*rffi, SEWrffiAtf* 

[0 0 0 3] 

r © X o tm**WStZ&. SflOE L < &A,fc** tf-J-JflfclS 1 S^y-fevMSifctcX^ ftS^-ca^fm trfr 
[0 0 0 4] 

-^f-*-WfAB, 1 5ffl©*fc"-;&-^=y h£W^5t>©i£*V"C*i»K 1 1 - 1 - 1 1 - 1 5 \W\fe<D 
mMd (0iJx.(i, d = 2. 5cm) SrfcoTEIMKIcE^lSih/fc* f-*— sl= «? h , i 2 - 1 ~ 1 2 - 1 5 tttti 
Z'httfc-f 3 fc°- # - 3. = y hi 1 - l ~l l-l 5fctt££;h,*«*K:*tLTfi*«*c 1 ~C l 5K:«fc3fi3<- 
SrWP-f 5S^Wlt#S:-Cfe5 e S*ttrt^& 12-1-12-15 t.-tix-eix*HSi- 5^ y h 

i i-i~i 1-1 5 tomati^tu<9-ry^nA^fi^o)im^xh^^. ^m^mK^^xam^ 
€ssi-5r i finEfi**w#&i 2-1-12-1 stL-cn. I^«i;mt5^y?rft5 

[00 0 5] 

::t*, *wa**«*ci~ci 5tt, ^-e^^ixsmia^sz-t^gllS^itJ^tH^HS. 
[«i J 
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Z<DW<D£o\Zl 5®<DX\?-fi-3.--y h «x.tf, J_ 7 (x) ~J 7 (x) ©fittfttfliS- 

tv5 0 x = 6. 0 1 LXMZtitfrk Ltzm-Siat. ci = j_ 7 (6) =- o. 1 29 6, c 2 = j _ 6 ( 

6) =0. 2 4 5 8, C3 = J_ 5 (6) =-0. 3 6 2 1, C4 = J- 4 (6) =0. 3 5 7 6, C5=J_ 3 ( 
6)=-0. 1148, C 6 = J _ 2 (6)=-0. 2429, 07 = 1- 2 (6)=0. 2767, C 8 = J 0 ( 
6) =0. 1506, C9 = J ] (6) =-0. 2767, C10 = J 2 (6) =-0. 2429, C 1 1 = J 3 ( 
6) =0. 1148, C12 = J 4 (6) =0. 3576, C13 = J 5 (6) =0. 3621, C14 = J 6 (6 
)=0. 2458, C15 = J 7 (6)=0. 1 2 9 6tfc5 5 
[0 00 6] 

HI 5tt, M 1-1-11-15^ ±IEj&l«^y*/uB8*fc«<J<*3^l(:C 1 ~C 1 5\z 

<t z&ttttin Lxm® tfc 1 1 (DfcMm&cD*/ s » 9 yw^^-rmxh 9, ( a ) ~ ( e ) n. -tavetu 

, 5 00Hz, 1 00 0Hz, 5 0 0 0Hz, 10kHz, 1 5 k H z K*5l} STk^Sfffi, SjE^rffiXTJ 5 ^ — 

Eli 3t0i 5fccoit«i»bi»bi»*«t5K:, ^ytA-ru-oSttli. Sdt^ttOf-A^flS^tfiEb^f 

tttt LTHH-5 r. i (2»&f#te© if- Aft, «KfcfcB±-ra±-C*»4#tfeT*>a. 
[0 0 0 7] 

mt¥l -2 5 4 8 0*4fc« 
[0 0 0 8] 

La»U ^y*/M»*fcS<5<fi*«»?iJ (C1-C15) £ttA©fffc£3t>©t>£**i,-Cir*5fc»fc:, i&JD&fc 
[0 0 0 9] 

[!SJi&fl?fc1-3fc*ro#lS:] 

[0 0 10] 

#«W<&te©7U-* ^-A-^TAIt «*©^e-*-3L=y hiPE^SiifcTl'-* 

ttm%\z*(om*&M(Dtk*tmz£5m**ttttiLxmW)U *v±*mmzm<*<m*&m*%<omk%b%^m 



(5) 

<OiEflF©ER»fc*5^-C, -t©titfB@tE*# 9 OgfcftS <fc 5 fcgtfcSti/C^S 1 J: 9 &t\ 

[0 0 1 1] 

[0 0 1 2] 

[^KoHJSro^] 

4Lft<rt>, ttffl&ftWK mi 3 0*6141 kHz J£AT) T?f4, WWf-A-ft^^kfi^fejxftV^. tri?, 
■TSr ttc«tt)^lt^ro<STSrl»lhU, tot-Aft, »«ft#«4T**HttJMrafcoir*-Ctt» ^y-fe^H* 
ftS:K^ft*s < *Sr*kiWi-5 r t *nti*S £ 5 fcftS. 

[0 0 1 3] 

Bai.it. ^m<D7^-^t°-^-^^7-j^(Dmi(Dmm<Dmm<Dm^m^^i-mTh^ 0 ftfc\ yTwtit^tij 

ilfecOfET'fe o X t> *?ft K 

<a^«»-ca*#itu-c««i-5fcftfc, ffiuiEftii*£*&fcffit8tf 1 so 0 huh-**— /w<*74/w-£ 

[0 0 1 4J 
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(6) 

HlfciS^T, 1-1 — 1-1 5tt3f^MIHd d = 2. 5 cm) Srt>oTE5!S*tfc^tr— *— 

K 2-1-2-1 5fi^tu€tv^-r?)^t 0 -*-3.--y h 1 — 1 — 1 — 1 5K#ij&£ft3{8f-Kfj|l8^:y-fe/W 
Bfl»fcS<3<S*«*fc«tSS*Srf*iPi-***f+Jt*a-Cife5, *ivP*bt»3fiol l-l-l 1-1 5&tfl 2- 
1-12-1 5fc#J&1-$fc0-C*5. fc^U C©S*f+lt#S2- 1-2-1 5fc*»tt<5**fl«WU tuEEl 1 
4 0*&£W#fc9, -toUWttti: SfffEIH 1 4(0§^Cli, CI, C3, C5, C6, C9 

RVC1 Ott^Wff-Cfcofc^, HHC*5»t5fi^f+tt^a2-l, 2-3. 2-5, 2-6, 2-9X1^2-10 
K&^TIi, ^tt^'Hroa^icW^ilC 1 ' , C3',C5',C6',C9' RffCIO' KU:5***#4 

[0 0 15] 

KJS«»fcfc3U:Lfc#oTl 8 0° @*BUTaffi^45J:5K:Ri&$^fc*-/w^7>f/^--CfcS < , 
0 2(0 (a) frtffE*- /^7^/^-3©-MM^U (b) fc-toflsfBGHg-Sr^i-. :©@l:^tJ;5C 
, :o^-^7^*^-3l±, ffiJllSill-^^-Cli&ffiiHlteft^O 0 T*fe(9, E»»3&SiS<fc3fco;h/CfttBII] 
^l:^^(c:^:t<^o-C^7 0 0HzT*tetB[HlK4^9 0 0 10kHzJ:OilV«itl8 0 s i&s 

[0 0 16] 

2, 2-4, 2-7, 2-8, 2-11. 2-12, 2-13, 2 - 1 4RU2 - 1 5 J^LTHiE^ATJ^ix, 
KHBM*Wt¥a2-l, 2-3, 2-5, 2-6, 2 - 9&tf 2 - 1 0 dMLTfis SuE*- 4 A>9— 3 

Lfdi-5§-/W3£*v3 J:5iw*$nTV^. ^U, *ave*u©a*tttt^» 2 - 1 -2 - 1 5fc*N*T % * 
tiZ'tittfc-tzm^&mz J: 5 fi^ttlj $ixT^ t°-^7-3.= ? h l-i-i-i 5fcttWj3;h3. 
t4bt>, HlE'<5'-fe/vH»l:^<I*»»a5IE©«t*)5^tf-*-a=y h (1-2, 1-4, 1-7, 1 - 
8, 1-11-1-15) KMLTtt, ^^©M*f+tt#aT^-f5S*^{*4-Sixfc«-l5-ism^*Jt5. 4 
fc. WE'<yfe/i'B8»U:X^<m*«*^Aoffl[i:45^f-*-3L=y h (1 - 1 , 1-3, 1-5, 1-6, 1 
-9&IM-1 0) lc»U-C"t*i/-e*u©a*#tt^at?W-^$*i5**tt» MK*-/U'<:*7 4/i'*-3fcJ:5tt;fB 

[001 7] 

H3ii, z.vmMmmiz.tsVzi&ttftfeni/S.a. u—^a y&$k*fn-tmx~h*^i-mx*h<9 . (a) - (e) ft 

, -Zfo-Ztly 5 00Hz, 1 0 0 0Hz, 5 0 0 0Hz, 10kHz, 1 5 k H z K*5tf 57K¥l9rffi* SEBrE&tf 
^^-^-^^A©Wffi*^l^2m©fi^E^*5»t5^#tt^tTV^5 0 

[0 0 18] 
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(7) 

mz-t£, m2iZ7jkUc7i-uif*~ jW<X7jj\s?-3<n&mm$LH (S) = O-CRS) / H+CRS) £S 

= 2/t* (i-z-i) / (i + z-i) kB.<mnk%mz£^x zmt&^%m+z t , h cz) = ( cr-2 

CR) + (T+2CR) Z-l) / ( (T + 2CR) + (T-2CR) Z~l) ht£9 . C=0. 04 7/jF, R = 
4. 7kfl, -J-y^yy^JiRftf s = 4 8kHzt-r3£, H (Z) = (-420*10-1+ (4 6 0 * 1 0~ 
1) Z -1 )/ (460*10-1+ (-420*10-1) Z -l) tfta. 

rOxv^l^/V^-fi, 04<O (a) td^i" I IR7^/^-T'«t5:im, 04(0 (b) fcjjrfifclS 
[0 0 19] 

501*, t*ft*»5C3 = -0. 3 6 2 1 tdxtbTft/WiOC 5 = -0. 1148 t?fi^J 3 . 15ff^^S 

0 

[0 0 2 0] 

i5l:t5V*t, 1 - 1 ~ 1 - 1 5 Hmrie L/c* -y v , 3fiHu^U^:^-— 4-1-4 
-15(4, #^f-*-3.= y M - l ~ l - l 5t>l*LTa*Srf«taii-ifc»{>©@!S-Cfc5 0 rCT*, ^(DMtli 

, ^f-*-3.= S ' m -l (ff»cr =o. 1296) zmmktez>xt°-z-3-~y hk L-O**. £S$CC 1 

5 = C1' -efeiftift. ^t-*-a=yH-15tiit45. Ufc^ox, 4- 1 k 4- 1 5 14, -ttt^ixS 

M -2-1 -4, 1-6-1-10, 1-12-1-14 KttJSIrZWLfrft&OtettflUt 
, l«fES2pt45^ y hcDfi^§:<D!6*tfi60. 1 2 9 6 i t) t>*:t<<MST-foSf;:*, 4-2, 4-3 

, 4-4, 4-6, 4-7, 4-8, 4-9, 4-10, 4-12, 4- 1 3&tf 4- 1 4tt$V ^ftttaMBSfc* 

fwrmwefctK mm&mmmximtimmktiii^c 1 (ci 5) to^^fct^jtic^LT^vy^ 

£P>I^ ^^-*-3.= y M-5 t 1-1 lKWlS-t-Sm^ttllcOlMMIttV^rJttO. 1 14 8T»*>9; MES 
*&$SS*fli|fc0. 1 2 9 6 £9 t>'h£Wc«>, 4 - 5&T/4 - 1 1 ^m±ti*fom®iWffl$.X\*¥-m.Xh <9 

[002 1] 
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(8) 

06© (a) immry-f 4- iRU4 - 1 5<nmi&m*^irm. men (b) imm^ xt,7^v*-4-2, 
4-3, 4-4, 4-6, 4-7, 4-8, 4-9, 4-10, 4-12, 4-1 3&tM-i 4<nm$.mi:7F-rm 

, 136 co (c) tttME^-f*? h7 -f/U* — 4-5XtM-l 1 OflJfiJcWSr*i-0-efc5. 

(a) ~ (c) K*1-#B8K:*s^t, ESfW'O' (i-fttot), <SHjftSMWgEfc*s»tayw» WSSiR 2 £R l co 
it (R2/R1) RlJ:9ftJg*^ MIE#IIW&4- 1 ~4 - 1 5fc*SV*T» ffitfCR 1 £ LTIUDffiWtW^ffl^^ 
T:fc!9, }gtriR2t>lRli:roffirotrot$ixT^.5. Lfc^oT, ^t-*-a=yH-l~l-15t« 

l6$ii,5«*Ote«iSi»«««)ywvttlBI-i45. Afr0!l&*rflh,tf, Rl=33kQ, R 2 = 4 7 k Q i $*vT 
fct), K«y-r>(i, 2 0 1 o g (4 7/3 3) =3. 0 7 d BifcS. 

[0 0 2 2] 

*fc, (b) /N>f/^7-f/u^-Xir (c) /N-r*y h7^^-irjoit^ii5Jii£icti^^V^li, ^tiftiHtJ 
v^T»^««*^olft^i:tt^»i*itTV>*«*«** (0. 1 2 9 6) hv»t\ztt&L1tV'(>b%Z 

Wytti. /N-f/<^7^^-4-2fcOV^Ttt. M*ffi*C2 = 0. 2 4 5 8T?*>*fc*, iS^&ft^wy-f 
iWEXWfc 45 T ^7*4-1 l£*tLT2 0 1 o g (0. 2 4 5 8/0. 1 2 9 6) =5. 5 6 d B/fttiSlMffi ( 3 . 
0 7 + 5. 5 6 = 8. 6 3 d B) t^ipt, «0tR 3 = 3 6 kfi, C= 3 3 0 0 pF ifcjgSita. Wi^K. ^ 
^/^7^/W^-4-3lwO^-C(4, *fflft*©^^iS2 0 1 o g (0. 3 6 2 1/0. 1 2 9 6) +3. 0 7 = 
12. 0dBfcfc5«fc5fc:, R3=18kfl, C=560 0pFt^h5 o 4 - 4 IdoV^fi, ^V#20 

log (0. 3576/0. 1296) +3. 07=11. 9 d B ttt 9 4 - 3 t JItf$ U^fc, 4-3 tl^Uffi 
, R3 = 18kO. C=5 600pFt^5„ EAT, POttlC, 4 - 6 IdO^TttR 3 = 3 6 k Q, C=3 3 0 0 p 
F, 4-7ICO^THR 3 = 3 0 k n, C=3 9 0 0 pF, 4 - 8 »CO^T»2R 3 = 2 2 0 k Q, C= 1 00 0 pF 
, 4-9lCO^TIiR3 = 3 OkQ, C=3 9 0 0 pF, 4 - 1 0 Kol^TfiR 3 = 3 6 k Q , C=3300pF« 
4-1 2Ko^Tf4R3 = l 8kQ, C=5 6 0 0 pF, 4 - 1 3 IdO^TttR 3 = 1 8 k fi , C=5 600 pF« 
4-1 4ldO^TfiR3 = 3 6 k Q, C=3300pFt 

££>fc N >^*>v F7^^-4-5i4-l 1 fcoi^Tfi, m*&mv>&>$U&khizo. 1 1 4 8ffct), iSil 
«»««©^y^li(rlES»i:<eSTy7'4- 1 (C*fLT2 0 1 o g (0. 1 1 4 8/0. 1 2 9 6) =- 1. 0 5 
dBOH£;rf33. 0 7-1. 0 5 = 2. 0 2 d B i fc3 J: 5 fc» 0 6 (c) Kfctf £3g#iR 3 £ ^ ^VfrC© 
IA5R3 = 3 60kfl, C=4 7 0 p F i&^ftSo 
[00 2 3] 

0711, rco<fc5l-LTifc5E£ixfcBulE4-l~4-l SO^-EIK©^ ^*ttSr*i-0-C*)5. roH&p-i-J:} 
fc. ffifl**C««-0f±4-l~4- 1 5<D^T^>IilK{wtJ^5y-r faM*U<a»oWefc!>, S/SSjfctB^-C^^ 

**5, ±K^fcv^Tfi v h 1 -1 SrSipiftitOiaWLfci 5 , dftKPSbHS £ tf±4< , ft 

[00 2 4] 
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OlBfc^*^TU^»»Stt*rl!l©«tt:iJI4S«fcRJgi-« rtia^ y-C yfcJB8jfM$te«rttfctf 3 <t 5 fc 

It bftfc*- A"<X 7 4>\>t-z twcfc*. 
[0 0 2 5] 

;:©J;;>&7^*-©|h]&£08© (a) fc*-f. 

fljttf, l»Ot*«*Cl~Cl 5©4§£, %<Dmttm&%±&0. 3 6 2 1 tft4C3, CI 3^S5iLTii 
RUT^tbSr Tij tjESft-tS. $Jx.tf, C5=-0. 1 148lt f(0|fe»f ^1/3. 15 (=0 

. 1 1 4 8/0. 3 6 2 1) £45©T, ^tr-*~«y h 1 - 5 fc*H"3flM3-tf\ ^W^^b'-A-ar 
j/ M -3fc:#LT2 0 1 o g (1/3. 15) =-9. 9 7 d B J: 5fcMH-*MiAv\, 
08© (a) »^Ufc7-f/U^-©eaBB*fi, H (S) = (1-CR2S) / (1+CR1S) fcfctK C=0. 
ImF, Rl=4. 7kQ, R2 = l. 5 k Q ti"5 £ k \z£ 9 , 08© (b) fc^H-y^ ^^tt&tf (c) K^-f 

^ft»^*5^Tifl[tBllHE«S0 o -e&9, SJi&gtfcfcafcLfc^oTl 8 0° iffiffiW4Sr^Tt- -5, 

[0 0 2 6] 

^yW4Sr*i-5 7-f^-Srffl^HtfJ:<, £©7 4**-tt, 09© (a) fc*-*-0l&$:fflvvC3l5l1-*::i: 
Ci 1 = 0. l l 4 8t«i-57-f/w^-SrWU:i:5i. 09 (a) ©£<&iJ©7^v;?-©fijgllSifcf±, h 

(S) =-l*R2/Rl* (1+CR3S) / (1+ (CR2+CR3) S) k % 9 , Rl=4. 7 k Q, R2 = 
4. 7kQ> R3 = 2. 7kfi, C=0. 1 p F k WtfelT* k , 09 © ( b) ^1"^ V-^+tSU 5 ( c ) K^tWS 
imktz&. -fKfrh. El^V^0dBt*fc5, bilz-vti- 9. 9 7 d B i:4*y>f ^<MH4i* 

5» ::t\ (c) ©ttffi'ft'tttOTH-j: 5 fc. ttffiiiftTcT-ifa 3 om^^ir^-kW^mik LTttRIH©*^ 

[0 0 2 7] 

0 1 0 fi, SuK0 8 {c^ t 7 /v*- 1 mrfE0 9 lei? t fc 7 ^ - v ^TflWi UfcHJ£©^<g©-«^0iJ 
1-0T'fcS„ r©^©^TI±^y^/^icl-£^<a^ic©5*,ft 1 b^it^^#^C3iCl 3 5:lipiL 
, t°-*-^-= j/ h i - 3 L-cttflaffiB 2 fc* L1tX b 4S«iS»8I«-efi[ffi#R(B 

i-5*-/w<^7^^-5-3S:^LTflr-g-SrttiteL. fi*#*#jE©te^fc5*br-j&-:*=:y hi - 1 3£*t 
LTttW^^l tfo57y/5-l 3£^LT (fc5W*7y7*5 - 1 3 SrtSttSr fc*<) (B#Sr«ISi-«. 
*LT, -t©te©*e-#-3.= :7 h©5*>, **«** J A©lti:)5t5^tr-*-3-=sr h (1-1, 1-5, 1- 
6, l-9&t;i-l 0) fc^UTtt, W1E**i*5«*©<fe*r« (=0. 3 6 2 1) t^f-*-^^ 
fc» LTtt^1-^£fi^©&$c©*fe*Mi £ ©Jfc£tt£ LfcSiH&ic^©y^ y SrW1--5i)E0 8 fc* Ltz.V 4 
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(10) 

-*» *©tt©*tT-*-3.= y a*ff«C*S!E«)«[i*5^tf-*-3:=y h (1 -2. 1-4, 1-7 

, 1-8, 1-11, 1-12, 1-1 4&0 ! 1 -1 5) fdMLTJi, MIBSSit^-S^iCO^fllt^W^^-* 

[0 0 2 8] 

<, iwnEia4©*frtisi*fc, sz^m i we*) m-?m&isintzy i j t s*fi>y<(»f-'?nm-zzt 

[0 0 2 9] 

90° ifc$JB8*) Witf, Jaifcf 5 a ^'/s yfcHUtttf, j, 

Ha©rJJPBdtt, d = 2. 5cmt£;h„ 1 5<@(0^ y h Sri^tCtfeoft, Ltiht, 1 5j@ 
y hd»bfc5*f-;<7-JlJro*gf;j\ 35cm (=2. 5X14) tM3 4 0m/s ec 

f->5al/-v'3yt5i > ^f-*-<@3 5 c m#l 5 Jiifc&tt, 34 0 0 0/3 5 = 9 7 1Hz 

o 

[0 0 3 0] 

01 1H, 1 5ffl«D^tr-*-^=y h £r &£"C T £ LTfctS^Lfcv-S: a >a y^Sr/Trtll] 

-CfcS. rro|a[C*5^T, (a), (b) , (c) M (d) It ^Jlftl, 900Hz, 1 000Hz, 1200 
HzWl SOOHzKUBltaJMtWttSr^-t. 

r©a*»6, is is, ^f-*--a-=y hyij©*o«*Sr^r-t-sH«» (iooohzS^) ^bt^f-^^ss* 

^(DipfC, *—Jl"<X7*</\'?—<Dti[.1®®fe<D't>>i>m&&. (9 0° ) £, 7 * t°-#— ->*x A<£>*fc'-;*- 
[00 3 1] 

K±«IW LfcHte<D0f®(i, 7^n^t > L<HT^^^/w(r < t5^— /W-^^/W- (Xtt08 ©7 ^*-) £ 

icoEHcio^-c, l -i~i -l 5liafiiEt^©^f-*-3-=s/ h, 6 »4A;bfe3-* i bffijaS#W*<0fS 
Tj-fSn-^rM^-, 7ttA^ffi#*»fei§jS»IB^<Offi#S:aj7Ji-'5/^>'^7-<^-, 8-1-8-1 
5tt^tr-A-a=y h 1-1-1-1 5^^tb J PH^LTlS , ttbtl, (ME^ 7 -f /u*- 7 £fflil LT % 
fc*Ji*iW«^*fc»tT»i^*^y*A'B*fc»d<M*«»C 1-C 1 5fc<fc0S*«rtt41-<5a*f<W 
9-1-9-1 5(i, h 1-1-1 -1 5ld^tvmM^tT13:itbtv, tSISD-^ 
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(11) 

[0 0 3 2] 

[0 0 3 3] 

[0 0 3 4] 
[S69J©®*] 

SH±ttWUfcJ:5K:, *I5l«)7U-^t- A-v^x-McUztuf, fija«»ffl*-ett#^e-*— KSriEta 
- J>it*mMt$:Vjik Loo, < S£S*ffi*fc»l«-5 r t So 

[02] (a) HWE*- /w^7^^^-3W*^J?:^i-0-C*fe«?, (b) tt-t©fi[ffi*M4Sr*i-0-C&5. 
[03 ] 01 wHl£©^iKU:fci751*WI*tto*>5 * u— v-a ye*tr*1-B|-e*>3. 

[04] (a) (41 I Rf^ ^^^t-yw^7^^-©i^?r^tltl) !) , (b) tt-t<&4fcfB*HSE«r*1-0 

[05] ^^<D7^-^^-i>—i^^^oi&<omM<omm^^^^i-m^hi B 

[06] H5i:i3lt 5*«l«K*WWtt«j4«rt#i**fH-C*9, (a) tt7>7, (b) «->*>Hf^^*W 7* 
[0 7] 0 5tCliJ»73 : §-@!g<Dy-r>-«14^^-f0T*fc5o 

[08] *«i»7l'-^^-*->'^f AC0$ b^OHJSO^tdffl^fetbS^^^^ — $r^-f0"Cfc?>, (a 
) I4«$, (b) ti?4y¥f&, (c) tttt*B#ttS:*i-|g-Cfc5. 

[0 9] *^©7W-^t , -*->^?>«ci b^MW|US<o^S^i'^ix5te<07^/v^— , 
(a) ttfltafc. (b) tt^yftfit (c) ttttft«ttS:^i-BI-eib5. 
[01 o] 0 8&t/0 9W7^*-£ffl^3#^WTu-*t'-;*-^ 
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(12) 

nail] y Yfrbmii-m*' r t Lxa^Lfcitco^ ^.u-va^^^-riaT'fe?. 

o 

[012] *igp^wTu-^t-*-v^xAw$ bWtfe«iii£o^s^^^i-iaT-fe^ 0 

o 

[Si 4] ^^ir/WT^-^jgffl^tifcTU-^t'-^-^^rAog^lf^^^-rill-Cfc?.,, 

[015] ^ir/W7i'-<D$tt#tt£^0T-&3< > 

[^Ot&BJ] 

1 — 1—1 — 1 5 : ^\L°-ti-^-=-yY. 2-1-2-1 5 : fi**Nt#R, 3 : /W^7^V?- ( 4-1, 
4-15: 7^7\ 4-2-4-14: , 5-1-5-12, 5-14, 5-15: 7 -f >^- v 6 : n 

-^*7^/V*-, 7 : W^*?^*-, 8 - 1 - 8 - 1 5 : S^tttt^IS\ 9 - 1 - 9 - 1 5 : JpgH 



[01] 



o 



2-U ,11 

— V — d" 

2-2- cr« 0.1296 r ul 



^ — a' 




2-7 . a? - o ^ j -7 

2-8-, C7- 0.2767 ,.J-B 

— V — cr 

2-9 C8*o.iso* |-9 



2>|0. 0?- 0.2767 ^|.| 0 

■V — a 1 

Ml.. CW.0.WI9 , 

— C3f 

/*1 I _ ft I I 4 D 



2-12 ^ cfn -o.:i48 

r 0 3576 



— ^ C3t 

!-15 - CM -0.245a !<i 



CIS *0.I2% V|.)5 



[02] 



— pMV^^X 

+ ai 0.047 nr. 

tt*ntt$T4.7kQ 



(a) 



| «o 

a ioq 

•JJO 

■3«J 
• 160 
•IK/ 



V 



X 
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(13) 

[03] [04] 




<c) 5000Hz 



[05] 




1 Af ' w< f rv 



— cr 



4-U ,mi 



<J 



CI 2 » 0.3576 



4-12 .1-12 



7-< 



-4-13 .1-13 



4-14 -1-14 



r 



,1 15 



[06] 



R2 



Rl 



R3 >' 
4 VW- 



R2 



P 

(h) /W/tZ7^J^- 



vw- 



R2 



Hh 



P 



#$12004-336530 




[09] 



1 0] 



I m — 1 1— i 

VW 



Rl 

— vw- 




-AAA/ — * 



(a) 



10' 



(b) 



30 



■V.:; 



/ 



10* to 1 

•MftttUU) 
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[01 3] 



[01 4] 




12-U 



(a) 500H« 




(b) lOUOHx 





(d) lUkHz 



(c) 15kHz 




o 



1Z-Z-L CI.-o.J29B „u 

C3- -0.3621 U 

ii 



12-4.. 
12-5. 



12-G C5--MU8 .|| 



12-7 



12-9. 
1MO- 
12-1 L 
I2-I2_ 
12-13 



12-15.. 



12-8 4 s CT- 0.2767 || 
CB-U.ISOG 



.. Cflr -02767 

'~I0- 0.2429 



CI2-OJ57R , 



12-14- . £13-0.3021 



- ::; p^-c3-f 

.. CM - : 0.2458 l,j 
Cli-0.»2*)B ^jj.jj 



(c) 501)0117. 
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<c) SOOOHx 
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(17) 



(72)«B# |fg E£ 

»WI»»ferU«t«jRiir 10*1* irv/N^sc#|±rt 
F*-.M#i%) 5D018 AF21 

5D020 AC01 ADOO 



